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few integrated circuits, a 
.simple Excel 5 macro, and a 
driver are all you need to transform 
a PC into a virtual voltmeter. The re- 
sulting 16-bit voltmeter circuit of- 
fers an input range of up to ±200 V, 
resolves to 6.1 mV, and has an accu- 
racy of 0.005% after calibration. 

The interface circuit (Fig. 1) that 
connects the 16-bit ADS7807 analog- 
to-digital converter (ADC) IC to a 
PC's parallel port is simple. The con- 
*ol software forces nine of the port's 
signal lines to a high state, which lets 
the corresponding pins provide 
power to the circuit through 1 0-fl re- 
sistors. Using the parallel interface's 
data lines to power the interface 



may not work for all PCs, though. If 
your PC cannot supply clean 4.75-V 
to 5.25-V DC power to the circuit, 
use an external source to supply the 
35 mW the circuit needs. (For more 
information about the parallel port, 
see the IEEE 1284 standard, 1 which 
provides a thorough description of 
signals, controls, and hardware for a 
PC's parallel interface.) 

The 74HCT04 inverter in the in- 
terface circuit provides a clean sig- 
nal to a monostable (10-kft resistor 
and 100-pF capacitor) that produces 
a 150-ns logic-zero pulse for the 
ADC's R/C* input. When the R/C* 
input goes to a logic zero, the ADC 
starts a conversion. The short pulse 
ensures that the R/C* input, is back 
at logic one before the ADC's 
BUSY* (conversion complete) signal 



goes to a logic one. The short pulse 
width also minimizes any digital 
feedthrough that might occur during 
a conversion. 

Select a Byte 

The 16-bit ADC's BYTE input se- 
lects the byte that appears at the 
ADC's outputs. In turn, the 
74HCT157 multiplexer selects which 
nibble (four bits) of each byte to 
transmit to the parallel port. The 
macro controls the flow of four nib- 
bles to the PC and reconstructs them 
into a 16-bit integer. 

By itself, the ADS7807 has an 
input voltage range of ±10 V. Using 
an 866-kfl input resistor, however, 
extends the range to ±200 V accord- 
ing to the equation: 

V in(max) = ±10 V * (1 + R ext /45.5k) 

To reduce noise on your signal, place a 
capacitor between the ADS7807's 
input and ground to form an RC net- 
work with the input resistor. 

To acquire voltages, select a cell or 
a range of cells in a spreadsheet and 
then execute the macro (Fig. 2, p. 14), 
(text continued on p. 16) 




FIGURE 1. 



The circuit for the ADC interface requires only a few TTL ICs to transfer data to an Excel spreadsheet under software control. 
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Checksum 

adds SMT 
coverage to 

M DA Test! 




HP TestJet technology' 
means greater test coverage! 

Checksum, Inc., America's leader in 
MDA test, introduces unsurpassed 
test coverage in the new Model TR-8 
Manufacturing Defects Analyzer 
(MDA). Fault coverage is optimized 
by combining new higher-bandwidth 
measurement and guarding capabil- 
ities with HP TestJet technology. 
This award-winning technology finds 
open pins, even on surface-mount 
devices. 

Power-down testing with the Model 
TR-8 finds opens, shorts, incorrect 
and incorrectly installed components 
on circuit assemblies. The Checksum 
Model TR-6 can be integrated to 
provide complementary power-up 
functional testing. Trie Model TR-8 
can be combined with Checksum's 
vacuum, mechanical or pneumatic 
fixture systems. Typical 400-point 
configurations are priced under 
$15K. Typical 400-point configura- 
tions with HP TestJet technology are 
priced under $30K. 
Call Checksum today for more 
information at (360) 435-5510. 

Checksum, Inc. 
P.O. Box 3279 

19009 61st Avenue NE, Bldg. 4 
Arlington, WA 98223 

I CHECKSUM^ 

Affordable Test Solutions for Manufacturing 

"HP TestJet technology Is protected under U.S. patent 
number 5,254,953. Implementation, service, and sup- 
port of HP TesUet technology on the Checksum Model 
TR-8 Is the sole responsihilty o( Checksum, Inc. 



TEST TIPS & TECHNIQUES 



If (Datum And &h40) The 



Else Datum = I 
End, If 



Out ControlPortAddr, &h8 




'The following macro communicates through the PC's 
'with the dynamic-link-library, CUSER3.DLL. 
'Parallel port initalization 

. k i 

Declare Sub Out Lib "CU3ER3.DLL" (I 
Declare Function Inp Lib "CUSER3.I 

■ ' '"■ 

Sub ADSinputO 

. 

Dim Datum As, Integer 

'Hexadecimal Port Addresses 
DataPortAddr = &h378 - 
StatusPortAddr = &h379,f~ 
ControlPortAddr = &h37a/! 

TfTypeName(Selection) <>t"Range-.Jhep : Exit Sub:;,". 
Out ControlPortAddr, &h4 if. - Initialize ,9obtrot J pO'* J 

Out DataPortAddr, &hff 
For i = 1 To Selection. Cgunt 

Out ControlPortAddrJ 

For j = 1 To 2.i i 

Nextj 

If (inp(StatusPortAddr) And'&h'Sfi 

Selection. Item(1). Value = "HD.Err; .Barjv^ 
Exit Sub 

End If : --' : ''^B^M 

'Input low byte, high nibble. Isolate* & shiftinibpjg 
Datum = ((Inp(StatusPortAddr) And &l 

Out ControlPortAddr, &hc ' Select low.by 
'Input low byte, low nibble." Add. in , n" 
Datum = Datum £ (lnp(StaTusPpj ''* 

Selection. ltem(i).Value = Datum, 

Out ControlPortAddr, &hO 'Select hig 

. - ; ■ - " 

'Input high byte, high nibblerls'olate nil 
Datum = (Inp(StatusPortAddr) And &h78 



:•. • • . Test MSB of n;bb. : e for 
,.' .-'Scale negative values*,. 
Datum = -32768 ',+ (Datum Arg,^38j£*^™<i« 



ih200: 



Input high byte, low nibble; Isolate « 
% Datum = Datum -t.((lnp(Statu|- 

'Convert result to signed floating ! 
Selection. ltem(l),Value = (Datum + Selectiofffiejfn 

'Scale result with offset and'gajn caifactors t^'^h 
Selection. Item(i).yalue = (Selection,ltem(i) s Va]u9i,£ 

■ ' Out ControlPortAddr, &h4 ' ^ ij Reset fpr.anojr- 

'MEndSub 



FIGURE 2. 



Load the Excel Basic macro and run it to acquire data from your interface circui 
Be sure the hexadecimal port addresses match the addresses on the port you're using. 
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Sub SoftCalf) 

Set B1 = Worksheets("MyWorksheet").Range("B1") 
Set B2 = Worksheets("MyWorksheet").Range("B2") 
Set B3 = Worksheets("MyWorksheet").Range("B3") 
Set B4 = Worksheets( "MyWorksheet").Range("B4") 
Message = "Connect CAL source to Input; Enter CAL Value" 
FirstCalValue = Val(lnputBox(Message)) 
B1. Select . ; 

ADSinput v 
Message = "Change CAL source; .Enter CAL Value" 
SecondCalValue = Val(lnputBox(Message)) 
B2.Select 

ADSinput ■ " 

B3.Value = (FirstCalValue - SecondCalValue) / (B1 Value - B2.Value) 
~'jM&aln coefficient, f..- • 

V ; • : B4.Value = FirstCalValue / B3.Value - B1 .Value 
r^%Offset coefficient. > • ' - ' M' • 

vSr.'£ndSub 



I 

..V. ■ 



FIGURE 3. 



If you don't want to use hardware trimmers, use this short macro to obtain gain and 



offset values. 

which contiguously fills each cell 
with a measurement. The Excel 
macro uses a dynamic link library 
routine, CUSER3.DLL, to communi- 
cate with the ADC through the PC's 
parallel port. (T&MW provides the 
DLL file for free; see "Notes," this 
page.) Be surf to transfer the 
CUSER3.DLL into your main Excel 
directory so the macro can locate it. 



Control Your PC's Ports 

To keep Excel Basic — the Basic- 
like language huilt into Excel — in- 
dependent of hardware, Microsoft 
excluded command.-, that control 
specific I/O ports. The CUSER3. 
DLL circumvents this limitation 
and lets you transfer bytes to out- 
put ports and retrieve bytes from 
input ports. 



Good Connectors-look anywhere 
in this publication 

Great Connectors-look no furt! 




Introducing ou r new line o f economically priced 
safety test accessories for safe test and measurement 




MULTI-CONTACT 

5560 Skylane Blvd. Santa Ro^C^ 
Tel: (800) 592-4585 or (707) 575-7575 




Typically, a PC's parallel port re- 
sides at h0378 (data), h0379 (status 
and h037A (control). Check your PC's 
manual to be sure you have tin- 
proper addresses for the port you 
want to use. If necessary, change the 
three address definitions at the star; 
of the macro. 

When you run the macro, it initial- 
izes the control byte and starts thf 
ADC. After a delay of at least 25 \i£, 
the macro checks the ADC's BUSY 
signal. At the end of a conversion, the 
macro inputs the ADC's data. For ex- 
ample, if you select 15 cells, th« 
macro acquires 15 readings, one after 
the other. The timing between con- 
versions depends on your PC's tim- 
ing and the timing overhead of Excel 
My 33-MHz 486-based PC took 23 rm 
per conversion, and the Ifyquisl 
bandwidth was 22 Hz. 

Calculate Otfset and Gain Errors 

The basic circuit doesn't compensal 
for gain and offset errors. You eai 
use nominal ADS7807 offset and ga: 
errors (without external trimming 
to scale the results obtained with the 
macro. Use the code shown in Fig. 3 
with the ADSinputO macro to pro- 
vide gain and offset coefficients, if 
you need them. To achieve the high- 
est accuracy, add external trimmer 
resistors to the circuit. 2 TM4 



FOOTNOTES 

1. IEEE 1284-1994, IEEE Standard Signaling 
Method for a Bidirectional Parallel Peripheral 
Interface for Personal Computers, IEEE, Pis- 
cataway, NJ. 

2. ADS7807 Low-Power 16-Bit Sampling 
CMOS Analog-to-Digital Converter, data shee' 
Burr-Brown, Tucson, AZ. 1992. 



NOTES 

The DLL and macro files are available 
through e-mail. Send a message to 
tmw@cahners.com with only CUSER3 in 
the subject field. In addition to the DLL, 
you'll receive a DLL source file, a DLL doc- 
umentation file, and a text file of the two 
macros. You can also mail us a blank, PC- 
formatted, high-density 3V 2 -in. disk anr< 
your mailing address. 



Clayton B. Grantham is the Limn, 

Div. product engineering manager n' 
Burr-Brown Corp. He has B.S.E.E. 
and M.S.E.E. degrees from the Uni- 
versity of Arizona. 
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